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1
METHOD FOR PRODUCING ALKANEDIOL

TECHNICAL FIELD

The present invention relates to a method for producing an
alkanediol by convenient procedures with an industrially low
cost, ahigh reaction selectivity, and a superior productivity by
using a methanol having a cyclic ether group as a manufac-
turing raw material thereof.

For example, tetrahydrofurfuryl alcohol used in the present
invention is one of the so-called biomass raw materials; and
1,5-pentanediol produced by using these as a manufacturing
raw material thereof’is useful as a raw material (monomer) for
polymers such as a polyester, a polycarbonate, and a polyure-
thane, and as a raw material for a pharmaceutical drug and an
agricultural chemical, an additive for a resin, a solvent, and
the like.

BACKGROUND ART

In the past, to produce an alkylene polyol, such as 1,5-
pentanediol, by using a methanol having a cyclic ether group
(hereinafter, this is sometimes referred to as “cyclic ether
group-containing methanol”), such as tetrahydrofurfuryl
alcohol, as a manufacturing raw material thereof, a method
has been widely known in that a methanol having a furan ring
or a pyran ring as the cyclic ether group is decomposed by
hydrogenation in the presence of a metal catalyst (see, for
example, Patent Documents 1 to 3).

For example, in Patent Document 1 and Non-Patent Docu-
ment 1, a method is reported in that 1,5-pentanediol is pro-
duced from tetrahydrofurfuryl alcohol in the presence of a
copper-chromium type catalyst; and in Patent Document 2, a
method is reported in that tetrahydrofurfuryl alcohol is pro-
duced from furfural in the presence of a cobalt-aluminum
type catalyst or a copper-aluminum type catalyst, and in addi-
tion, 1,2-pentanediol and 1,5-pentanediol are produced from
furfural by using a copper-aluminum type catalyst (Example
4).

On the other hand, a method for producing an alkylene
polyol by using a metal catalyst other than a copper type
catalyst has been reported in recent years; and for example, in
Patent Document 3, a ring opening method of a cyclic ether
was reported in that the reaction selectivity to a certain bond
of'a cyclic ether group in the ring opening is high by using a
metal catalyst containing rhodium and one or more metal
atom selected from rhenium, molybdenum, and tungsten sup-
ported on a carrier. In this ring opening method, a method for
producing 1,5-pentanediol or 1,6-hexanediol from tetrahy-
drofurfuryl alcohol or tetrahydropyran-2-methanol respec-
tively in the presence of the afore-mentioned catalyst is dis-
closed.

Patent Document 1: U.S. Pat. No. 2,768,978
Patent Document 2: U.S. Pat. No. 627,293
Patent Document 3: Japanese Patent [Laid-Open Publication

No. 2009-46417
Non-Patent Document 1: Organic Syntheses Coll. Vol. 3, p.

693 (1955); Vol. 26, p. 83 (1946).

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
However, for example, in the method described in Patent
Document 1, a good reaction condition to give the reaction

selectivity to the by-product pentanol of 6% or less could not
be found also as an industrial method; and in the method
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2

described in Non-Patent Document 1, the yield of 1,5-pen-
tanediol was described, but the reaction selectivity thereto
was not specifically mentioned.

Similarly, in the method of Patent Document 2, the reaction
selectivity of 30% was reported as a mixture of 1,5-pen-
tanediol and 1,2-pentanediol, while the selectivity to 1,5-
pentanediol was not mentioned. Accordingly, any of them has
not been fully satisfactory as the industrial manufacturing
methods.

Moreover, the biggest problem in Patent Document 1 and
Non-Patent Document 1 is that these methods use a catalyst
that contains a harmful chromium atom. It is widely known
that this chromium shows a strong harmful effect on a human
body even with a minute amount, thereby requiring very
complicated procedures to remove chromium completely;
and thus, these methods are not industrially practicable.
Accordingly, in recent years, there is a tendency to avoid use
of the catalyst that contains chromium atom (see, for
example, the paragraph (0004) in Japanese Patent Laid-Open
Publication No. H06-345674).

On the other hand, in the method of Patent Document 3, it
is disclosed that to satisfactorily achieve both the reaction
conversion and the reaction selectivity is difficult when the
reaction is carried out in a solution not containing water; and
thus, it is described therein that a solution such as an aqueous
solution containing 5% of tetrahydrofurfuryl alcohol is used
as the manufacturing raw material. However, for example,
use of the low concentration aqueous solution in which only
5% of tetrahydrofurfuryl alcohol is contained as the raw
material cannot be regarded as economical because of low
production efficiency; and moreover, the process to separate
water-soluble 1,5-pentanediol from water after completion of
the reaction is complicated, and thus, this method cannot be
considered to be a suitable industrial method either.

Accordingly, the present invention has an object to provide
a method for producing an alkanediol, such as 1,5-pen-
tanediol, with a high reaction selectivity thereto by reacting a
cyclic ether group-containing methanol, such as tetrahydro-
furfuryl alcohol, by using a non-chromium catalyst free from
chromium atom.

Means for Solving the Problems

That is, the present invention relates to the following (1) to
(16).
(1) A method for producing an alkanediol having hydroxy
groups at both molecular terminals shown by the following
formula (2), comprising reacting a cyclic ether group-con-
taining methanol shown by the following formula (1) with
hydrogen in the presence of a metal catalyst which contains
copper atom and at least one co-existing atom selected from
the group consisting of elements of the third to the sixth
periods of the 11 to XIV groups (excluding chromium) in the
periodical table and lanthanide elements,

@®
Rl
R2
(CHa)n

(CHp)p
~o

CH,OH

wherein R' and R? represent a hydrogen atom, a fluorine
atom, a methyl group, or an ethyl group, and these may be the

same or different with each other; “n” and “m” represent
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number of a methylene group; “n” represents an integer of 0,
1, 0r 2, “m” represents an integer of 1 or 2; “n” and “m” may
be the same or different with each other, and “n+m™is 2 to 4,

@
Rl

HO—(CHZ),”—?—(CHZ)n—CHZ—CHZOH,

R2

wherein R! and R? as well as “n” and “m” represent the same
as those of the formula (1).

(2) The method for producing an alkanediol according to (1),
wherein the co-existing atom comprises at least one atom “B”
selected from the group consisting of zinc, iron, aluminum,
and silicon.

(3) The method for producing an alkanediol according to (2),
wherein the atom “B” is zinc atom.

(4) The method for producing an alkanediol according to (2)
or (3), wherein mass ratio of the copper atom to the atom “B”
(copper atom/atom “B”) is in the range of 10/90 to 99/1.

(5) The method for producing an alkanediol according to any
one of (2) to (4), wherein the co-existing atom further com-
prises, in addition to the atom “B”, at least one atom “C”
selected from the group consisting of barium, calcium, man-
ganese, lanthanum, cerium, and magnesium.

(6) The method for producing an alkanediol according to (5),
wherein as to the content of the atom “C”, mass ratio of the
copper atom and the atom “B” to the atom “C” (sum of copper
atom and atom “B”/atom “C”) is in the range 0 10/90 to 99/1.
(7) The method for producing an alkanediol according to any
one of (1) to (6), wherein use amount of the metal catalyst
relative to the cyclic ether group-containing methanol is in the
range of 0.03 to 10% by mass.

(8) The method for producing an alkanediol according to any
one of (1) to (7), wherein the cyclic ether group-containing
methanol is tetrahydrofurfuryl alcohol and the alkanediol is
1,5-pentanediol.

(9) The method for producing an alkanediol according to (8),
wherein the said tetrahydrofurfuryl alcohol is tetrahydrofur-
furyl alcohol synthesized by using furfural as a raw material
thereof.

(10) A metal catalyst for hydrogenation reaction, obtainable
by using a catalyst precursor mainly comprising carbonate
salts which includes copper, zinc, and at least one atom
selected from the group consisting of barium, calcium, man-
ganese, lanthanum, zirconium, and cerium.

(11) A metal catalyst obtainable by using a catalyst precursor
mainly comprising carbonate salts which includes copper,
zinc and at least one atom selected from the group consisting
of calcium, lanthanum, and manganese.

(12) A metal catalyst obtainable by using a catalyst precursor
mainly comprising carbonate salts which includes copper,
zinc and at least one atom selected from the group consisting
of zirconium and cerium.

(13) A metal catalyst obtainable by using a catalyst precursor
mainly comprising carbonate salts which includes copper,
zine, barium, and manganese or lanthanum.

(14) A metal catalyst obtainable by using a catalyst precursor
mainly comprising carbonate salts which includes copper,
zine, barium, manganese, and lanthanum.

(15) A metal catalyst obtainable by using a catalyst precursor
mainly comprising carbonate salts which includes copper,
zinc, and barium.

10

15

20

25

30

35

40

45

50

55

60

65

4

(16) Use of a metal catalyst obtainable by using a catalyst
precursor mainly comprising carbonate salts which includes
copper, zinc and at least one atom selected from the group
consisting of barium, calcium, manganese, lanthanum, zirco-
nium, and cerium for a reaction using hydrogen.

According to the present invention, provided is a method
for producing an alkanediol, such as 1,5-pentanediol, with a
high reaction selectivity thereto by reacting a cyclic ether
group-containing methanol such as tetrahydrofurfuryl alco-
hol by using a certain non-chromium catalyst.

Especially, the present invention also involves discovery of
a production method found, wherein the method uses a cer-
tain non-chromium copper-containing metal catalyst as the
reaction catalyst capable of ring-opening of an ether ring at a
certain bond with a high regioselectivity in a hydrogenolysis
reaction of tetrahydrofurfuryl alcohol as a manufacturing raw
material.

Therefore, according to the present invention, provided is a
method for producing 1,5-pentanediol with a high reaction
selectivity thereto while suppressing production of various
by-products including alkanediols having a secondary
hydroxy group, such as 1,2-pentanediol, and alkyl alcohols,
such as 1-pentanol, these having been by-produced in con-
ventional production methods. Especially, discovery was
made as to a non-chromium copper-containing catalyst being
able to suppress to the lowest degree by-production of a
branched alkanediol having a secondary hydroxy group, such
as 1,2-pentanediol, which is difficult to be separated from
1,5-pentanediol; and based on this discovery, the present
invention could be established. It is reported that for example,
abranched or a cyclic alkanediol having a secondary hydroxy
group such as 1,2-pentanediol which is contained as impuri-
ties in 1,5-pentanediol has a bad influence to manufacturing
of a polyurethane (see, the paragraph (0005) of Japanese
Patent Laid-Open Publication No. 2001-316311). Therefore,
the present invention provides an alkanediol containing less
amount of impurities thereby suitable, for example, as a
manufacturing raw material of a polyurethane resin.

MODES FOR CARRYING OUT THE INVENTION

The method for producing an alkanediol of the present
invention is achieved by reacting hydrogen with a cyclic ether
group-containing methanol, such as tetrahydrofurfuryl alco-
hol, in the presence of a metal catalyst which contains copper
atom and at least one co-existing atom (atom “B” and/or atom
“C”) selected from the group consisting of the elements ofthe
third to the sixth periods of the II to XIV groups (excluding
chromium) in the periodical table. In the present invention, an
alkanediol shown by the afore-mentioned formula (2), such
as 1,5-pentanediol, can be obtained with a high selectivity
thereto by selecting a certain metal catalyst like this.

Raw material: cyclic ether group-containing methanol
shown by the formula (1)

In the production method of the present invention, the
cyclic ether group-containing methanol used as the raw mate-
rial is shown by the following formula (1).

M
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In the formula (1), R and R? represent a hydrogen atom, a
fluorine atom, a methyl group, or an ethyl group, and these
may be the same or different with each other; “n” and “m”
represent number of a methylene group; “n” represents an
integer of 0, 1, or 2; “m” represents an integer of 1 or 2; “n”
and “m” may be the same or different with each other; and
“n+m” is 2 to 4.

It is preferable that the cyclic ether group-containing
methanol have 5 to 7 carbon atoms as a total.

Accordingly, example of the cyclic ether group-containing
methanol shown by the general formula (1) includes the com-
pounds shown by the following general formulae (1a) to (1e).

(la)
Rl

CHLOH

7,
oq

(1b)
Rl

CILOH

Qo
68

(le)

R

RZ
CILOH

(1d)

8

Rr!

CH,OH

O

(le)
Rl

R2
CH,OH

%

(In the formulae (1a) to (1e), R' and R? represent the same
meanings as those of the formula (1)).

More specific example of the cyclic ether group-containing
methanol shown by the general formula (1) to be used
includes; preferably tetrahydrofurfuryl alcohol, 3-methyltet-
rahydrofurfuryl alcohol, 3,3-dimethyltetrahydrofurfuryl
alcohol, 3-fluorotetrahydrofurfuryl alcohol, 3,3-difluorotet-
rahydrofurfuryl alcohol, 4-methyltetrahydrofurfuryl alcohol,
4.4-dimethyltetrahydrofurfuryl alcohol, 4-fluorotetrahydro-
furfuryl alcohol, 4,4-difluorotetrahydrofurfuryl alcohol, tet-
rahydropyran-2-methanol, 4-methyltetrahydropyran-2-

methanol,  5-methyltetrahydropyran-2-methanol,  3,3-
dimethyltetrahydropyran-2-methanol, 4.4-
dimethyltetrahydropyran-2-methanol, 5,5-

dimethyltetrahydropyran-2-methanol,

3-fluorotetrahydropyran-2-methanol, 4-fluorotetrahydropy-
ran-2-methanol, S5-fluorotetrahydropyran-2-methanol, 3,3-
difluorotetrahydropyran-2-methanol,  4,4-difluorotetrahy-
dropyran-2-methanol, and 5,5-difluorotetrahydropyran-2-
methanol; more preferably tetrahydrofurfuryl alcohol,
4-methyltetrahydrofurfuryl alcohol, 4,4-dimethyltetrahydro-
furfuryl alcohol, 4-fluorotetrahydrofurfuryl alcohol, 4,4-dit-
luorotetrahydrofurfuryl alcohol, and tetrahydropyran-2-
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6

methanol; still more preferably tetrahydrofurfuryl alcohol
and tetrahydropyran-2-methanol; and further still more pref-
erably tetrahydrofurfuryl alcohol.

Tetrahydrofurfuryl Alcohol:

As to tetrahydrofurfuryl alcohol used most preferably in
the manufacturing method of the present invention, a com-
mercially available compound thereof may be used as it is, or
after it is further purified; and thus, any of them may be used.
For example, it is known that tetrahydrofurfuryl alcohol may
be produced from a non-edible biomass such as non-edible
corncob (corn core). Therefore, to use tetrahydrofurfuryl
alcohol derived from the biomass like this is preferable in
view of the green chemistry.

Product: Alkanediol Shown by the Formula (2)

The alkanediol obtained by the reaction of the present
invention may be shown specifically by the following general
formula (2).

@
Rl

HoO— (CHZ),,,—? — (CH,),—CH,—CH,0H

Rr2

In the general formula (2), R* and R? represent, the same as
the formula (1), specifically a hydrogen atom, a fluorine atom,
a methyl group, or an ethyl group, and these may be the same
or different with each other; “n” and “m” represent number of
amethylene group; “n” represents an integer of 0, 1, or2; “m”
represents an integer of 1 or 2; “n” and “m” may be the same
or different with each other; “n+m” is 2 to 4.

Inthe production method of present invention, an objective
alkanediol can be obtained with a high reaction selectivity
thereto especially when the manufacturing raw material
thereof is a cyclic ether group-containing methanol, such as
tetrahydrofurfuryl alcohol, shown by the general formula (1a)
or (1b).

Metal Catalyst

The metal catalyst used in the present invention contains
copper atom and at least one co-existing atom selected from
the group consisting of the elements of the third to the sixth
periods of the 11 to XIV groups (excluding chromium) in the
periodical table and lanthanide elements. This co-existing
atom includes at least one metal atom selected from the group
consisting of the atoms “B” and the atoms “C” shown below.
Here, the co-existing atoms mean the atoms to constitute the
metal catalyst together with copper atom contained in the
metal catalyst.

The metal catalyst used in the present invention includes a
supported metal catalyst in which copper atom and co-exist-
ing atoms are supported on a later-mentioned carrier. More-
over, in the reaction of the present invention, the metal cata-
lyst may be used solely or as a mixture of two or more kinds
of'it.

In the metal catalyst used in the reaction of present inven-
tion, mass ratio of the copper atom to the co-existing atom
(copper atom/co-existing atom) is not particularly limited;
however, usually in the range of 0.1/99.9 to 99.9/0.1, prefer-
ably in the range of 1/99 to 99/1, or more preferably in the
range of 5/95 to 95/5, in order to enhance the reaction selec-
tivity to the alkanediol having the hydroxy groups at the both
molecular terminals thereof. Here, the said mass ratio is the
content ratio of the metal atoms in the metal catalyst.
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Next, the co-existing atoms, the atom “B” and the atom
“C”, will be explained. Atom “B”:

As to the co-existing atom “B” of the present invention,
used is at least one metal atom selected from the group con-
sisting of magnesium (Mg), calcium (Ca), barium (Ba), lan-
thanum (La), cerium (Ce), titanium (Ti), zirconium (Zr),
vanadium (V), niobium (Nb), molybdenum (Mo), tungsten
(W), manganese (Mn), thenium (Re), iron (Fe), cobalt (Co),
osmium (Os), zinc (Zn), aluminum (Al), gallium (Ga),
indium (In), tin (Sn), and silicon (Si). Meanwhile, among
these atoms “B”, in order to obtain 1,5-pentanedil with a high
reaction selectivity thereto, at least one atom selected from
the group consisting of zinc, iron, aluminum, and silicon is
preferable; while at least one atom selected from the group
consisting of zinc, aluminum, and silicon is more preferable,
though zinc is further preferably used.

Accordingly, in the reaction of the present invention, for
example, in order to obtain an alkanediol having the hydroxy
groups at the both molecular terminals thereof with a high
reaction electivity thereto, the mass ratio of the copper atom
to the atom “B” (copper atom/atom “B”) in the metal catalyst
to be used therein is usually in the range of 10/90 to 99/1,
more preferably in the range of 20/80 to 99/1, still more
preferably in the range of 30/70 to 95/5, further still more
preferably in the range of 40/60 to 95/5, or particularly pref-
erably in the range of 45/55 to 90/10. Here, the said mass ratio
is the content ratio of the metal atoms in the metal catalyst.
Atom “C”:

The metal catalyst used in the present invention may fur-
ther contain as the co-existing atom, in addition to the fore-
going atom “B”, at least one atom “C” selected from the group
consisting of aluminum (Al), barium (Ba), calcium (Ca),
manganese (Mn), iron (Fe), nickel (Ni), magnesium (Mg),
lanthanum (La), zirconium (Zr), cerium (Ce), and cobalt
(Co). However, the atom “C” shall be selected from difterent
atoms other than the atoms “B”. Here, as to the atom “C”, at
least one atom selected from the group consisting of barium,
calcium, manganese, lanthanum, cerium, iron, and magne-
sium is preferable; while at least one atom selected from the
group consisting of barium, calcium, manganese, lanthanum,
cerium, and magnesium is used more preferably. Among
them, in order to obtain a high reaction selectivity, a combi-
nation of copper atom, zinc atom, and atom “C”, or a combi-
nation of copper atom, silicon atom, and atom “C” is espe-
cially preferable. Accordingly, by using a metal catalyst
further containing atom “C”, i.e., if a metal catalyst contain-
ing copper atom, atom “B”, and atom “C”, is used in the
reaction of the present invention, an alkanediol having the
hydroxy groups at the both molecular terminals thereof can be
obtained with a further higher reaction selectivity thereto.

Accordingly, in the reaction of the present invention, in
order to obtain an alkanediol having hydroxy groups at both
molecular terminals thereof with a high reaction selectivity
thereto, for example, content of the atom “C” is, as the mass
ratio of the copper atom and the atom “B” to the atom “C” in
the metal catalyst to be used therein (sum of copper atom and
atom “B”/atom “C”), usually in the range of 10/90 to 99/1,
preferably in the range of 30/70 to 95/5, more preferably in
the range of 40/60 to 95/5, or particularly preferably in the
range 0o 45/55 to 95/5. Here, the said mass ratio is the content
ratio of the metal atoms in the metal catalyst.

Supported Metal Catalyst:

The metal catalyst of the present invention includes a sup-
ported metal catalyst in which metal atoms containing the
foregoing copper atom and co-existing atoms are supported
on a carrier.
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Inthe supported metal catalyst of the present invention, the
carrier thereof'is not particularly limited; however, preferably
used is at least one carrier selected from the group consisting
of zinc oxide, silica, alumina, silica alumina (aluminosili-
cate), ceria, magnesia, calcia, titania, silica titania (titanosili-
cate), zirconia, active carbon, zeolite, and mesoporous mate-
rial (mesoporous alumina, mesoporous silica, mesoporous
carbon). Moreover, the foregoing carrier is preferably porous
in view of the reaction efficiency.

Content of copper atom (Cu) in the supported metal cata-
lyst of the present invention is preferably in the range 0of 0.1 to
99.9% by mass, more preferably in the range of 1 to 90% by
mass, still more preferably in the range of 5 to 80% by mass,
or particularly preferably in the range of 10 to 80% by mass.

From the foregoing discussion, as the metal catalyst to be
used in the present invention;

a metal catalyst containing copper atom and at least one atom
“B” selected from the group consisting of magnesium (Mg),
calcium (Ca), barium (Ba), lanthanum (La), cerium (Ce),
titanium (T1), zirconium (Zr), vanadium (V), niobium (Nb),
molybdenum (Mo), tungsten (W), manganese (Mn), rhenium
(Re), iron (Fe), cobalt (Co), osmium (Os), zinc (Zn), alumi-
num (Al), gallium (Ga), indium (In), tin (Sn), and silicon (Si);
or a supported metal catalyst containing these metals sup-
ported on one carrier selected from the group consisting of
zinc oxide, silica, alumina, titania, zirconia, and activated
carbon are preferred; a metal catalyst containing copper atom,
zinc atom, and at least one atom “C” selected from the group
consisting of barium (Ba), calcium (Ca), manganese (Mn),
iron (Fe), lanthanum (La), and magnesium (Mg); or a sup-
ported metal catalyst containing these metals supported on
one carrier selected from the group consisting of zinc oxide,
silica, alumina, titania, zirconia, and activated carbon are
more preferred;

a metal catalyst selected from the group consisting of a cop-
per-zinc type metal catalyst, a copper-zinc-aluminum type
metal catalyst, a copper-zinc-iron type metal catalyst, a cop-
per-zinc-silicon type metal catalyst, a copper-zinc-barium
type metal catalyst, a copper-zinc-calcium type metal cata-
lyst, a copper-zinc-manganese type metal catalyst, a copper-
zinc-manganese-barium type metal catalyst, a copper-zinc-
lanthanum type metal catalyst, a copper-zinc-lanthanum-
barium type metal catalyst, a copper-zinc-barium-
manganese-lanthanum type metal catalyst, a copper-zinc-
cerium type metal catalyst, a copper-zinc-magnesium type
metal catalyst, a copper-aluminum type metal catalyst, a cop-
per-aluminum-iron type metal catalyst, a copper-aluminum-
silicon type metal catalyst, a copper-aluminum-barium type
metal catalyst, a copper-aluminum-calcium type metal cata-
lyst, a copper-aluminum-manganese type metal catalyst, a
copper-aluminum-manganese-barium type metal catalyst, a
copper-aluminum-lanthanum type metal catalyst, a copper-
aluminum-lanthanum-barium type metal catalyst, a copper-
aluminum-cerium type metal catalyst, a copper-aluminum-
magnesium type metal catalyst, a copper-silicon type metal
catalyst, a copper-silicon-iron type metal catalyst, a copper-
silicon-aluminum type metal catalyst, a copper-silicon-
barium type metal catalyst, a copper-silicon-calcium type
metal catalyst, a copper-silicon-manganese type metal cata-
lyst, a copper-silicon-manganese-barium type metal catalyst,
a copper-silicon-lanthanum type metal catalyst, a copper-
silicon-lanthanum-barium type metal catalyst, a copper-sili-
con-cerium type metal catalyst, and a copper-silicon-magne-
sium type metal catalyst are still more preferred.

Meanwhile, the above-mentioned metal catalysts are pref-
erably oxides or carbonate salts which contain copper atom
and co-existing atoms (atom “B”, and atom “B” and further
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atom “C”). For example, the above-mentioned copper-zinc-
barium type metal catalysts are preferably oxides which con-
tain copper atom, zinc atom, and barium atom, or carbonate
salts which contain the same atoms.

Form of the Metal Catalyst:

Specific surface area of the metal catalyst of the present
invention is preferably in the range of 1 to 1000 m*/g, more
preferably in the range of 5 to 500 m?*/g, or particularly
preferably in the range of 5 to 300 m*/g.

The average pore diameter of the carrier is preferably in the
range of 10 to 500 A, or more preferably in the range of 100
to 250 A. Meanwhile, the specific surface area of the metal
catalyst of the present invention is measured by the BET
method; and the average pore diameter thereofis measured by
the mercury intrusion method. Particle size of the metal cata-
lyst of the present invention is not particularly limited. The
metal catalysts of the present invention that are commercially
available may be used as they are, provided that they satisfy
the above ranges; or alternatively, they may be obtained by
adjusting the composition ratio of copper atom to other metal
atoms by a heretofore known method.

Method for Preparing the Metal Catalysts:

Metal catalysts of the present invention may be prepared as
follows: firstly, insoluble carbonate salts (catalyst precursor)
which contain copper and atom “B” and/or atom “C” are
precipitated by the co-precipitation method in the liquid
phase, and then, the obtained precipitates are washed, dried,
and then calcined.

More specific preparation method is as follows: firstly, an
aqueous solution containing a soluble copper salt and soluble
salt(s) of atom “B” and/or atom “C” is mixed with an aqueous
solution of a precipitant containing an alkaline carbonate or
an alkaline bicarbonate, and then, the precipitate thus
obtained was separated by filtration, decantation, or the like to
obtain insoluble carbonates which contain copper and atom
“B” and/or atom “C”. As to the soluble copper salt and the
soluble salt(s) of atom “B” and/or atom “C”, they are not
particularly limited, provided that each of them is soluble in
water. Therefore, example of the soluble copper salt includes
inorganic acid salts of copper such as copper nitrate, copper
sulfate, and copper chloride; an organic acid salt of copper,
such as copper acetate; and an ammine complex of copper,
such as tetra-ammine copper nitrate salt. Example of the
soluble salt of atom “B” or atom “C” includes inorganic salts
containing atom “B” or atom “C”, such as nitrate salts, sulfate
salts, and chloride salts thereof; organic acid salts containing
atom “B” or atom “C”, such as acetate salts and oxalate salts
thereof; and ammine complex containing atom “B” or atom
“C”, such as tetra-ammine nitrate salt thereof. Example of the
alkaline carbonate preferably used as the precipitant includes
sodium carbonate, potassium carbonate, and ammonium car-
bonate; and example of the alkaline hydrogencarbonate
includes sodium hydrogencarbonate, potassium hydrogen-
carbonate, and ammonium hydrogencarbonate. Meanwhile,
the use rate of the soluble copper salt and the soluble salt of
the atom “B” or the atom “C” is not particularly limited
because this rate is dependent on the actual reactivity and on
the filterability thereof.

Temperature when mixing the aqueous solution containing
the precipitant with the aqueous solution containing soluble
salts of copper and of atom “B” and/or atom “C” is in the
range of 60 to 95° C., or preferably in the range of 60 to 90°
C. If this temperature is too low, crystallinity of the insoluble
salts which contain copper atom and atom “B” and/or atom
“C” 1s so low that both activity and filterability of the calcined
catalyst may become poor; on the other hand, if this tempera-
ture is too high, partially oxidized copper, and hydroxides of
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copper and atom “B” or atom “C”, in addition to the objective
carbonate salts, may be formed to contaminate the precipitate
thereby leading to poor filterability of the calcined catalyst;
and thus, these temperatures are not desirable.

Further, pH at the time when mixing the aqueous solution
containing the soluble copper salt and the soluble zinc salt
and/or the aqueous solution containing the precipitant is kept
preferably in the range of 6.5 to 9.0 by adjusting the addition
amount of the aqueous solution containing the precipitant. If
the pH thereatis too low, basic salts containing anions derived
from used metal salts, such as, for example, basic copper
nitrate and basic copper sulfate are formed to cause poor
activity and filterability of the catalyst that are calcined there-
after; on the other hand, if the pH thereat is too high, amount
of'the precipitate may be reduced, or copper oxide may partly
contaminate the precipitate to cause poor filterability of the
catalyst that are calcined thereafter; and thus, these cases are
not feasible. After completion of mixing of the foregoing
solutions, for aging insoluble carbonate salts thus obtained, it
is preferable that the reaction solution be kept at the afore-
mentioned temperature with stirring or be allowed to become
cool. Meanwhile, even if the pH thereof changes slightly
during this operation, adjustment of the pH is not especially
necessary.

The precipitate formed by the afore-mentioned operation is
separated by filtration, decantation, or the like, and then
washed to obtain it as the insoluble carbonate salts which
contain copper and atom “B” and/or atom “C”. The insoluble
carbonate salts (catalyst precursor) thus obtained may be used
as they are, or after they are dried in an air or in an inert gas
such as a nitrogen gas at 100 to 120° C., as the metal catalyst
for such reactions as the reaction of the present invention and
the hydrogenation reaction to produce an alcohol or a diol
compound from an ester compound by using hydrogen; how-
ever, it is preferable that the metal catalyst containing therein
copper and atom “B” and/or atom “C” be prepared by burning
it as mentioned later so as to be used for the reaction of the
present invention.

The afore-mentioned catalyst precursor is calcined in an air
or in an inert gas such as a nitrogen gas to obtain the catalyst
of the present invention containing copper and atom “B”
and/or atom “C” as the main components therein. The burning
temperature is in the range of 200 to 600° C. or preferably in
the range of 300 to 450° C. Meanwhile, the metal catalyst to
be used in the present invention includes the catalyst that is
treated under a reducing atmosphere such as, for example,
with hydrogen and carbon monoxide.

It must be noted here that among the metal catalysts pre-
pared by the method as mentioned above, the metal catalysts
prepared by using the catalyst precursors containing as the
main components therein carbonates which contain, in addi-
tion to copper and zinc, at least one atom selected from the
group consisting of barium, calcium, lanthanum, manganese,
zirconium, and cerium are novel catalysts. These catalyst
precursors are preferably insoluble metal salts containing
copper, zinc and at least one atom selected from the group
consisting of barium, calcium, lanthanum, manganese, zirco-
nium, and cerium, in which the insoluble metal salts is obtain-
able by mixing an aqueous solution containing a soluble
copper salt; and an aqueous solution containing a soluble salt
of zinc and a soluble salt at least atom selected from the group
consisting of barium, calcium, lanthanum, manganese, zirco-
nium, and cerium; and an aqueous solution containing an
alkaline carbonate or an alkaline hydrogencarbonate under
the conditions of the temperature of 60 to 95° C. and pH 0of 6.5
10 9.0.
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From the above-mentioned, metal catalysts prepared by
using catalyst precursors containing mainly carbonate salts
which contain copper, zinc and at least one atom “c1” selected
from the group consisting of barium, calcium, manganese,
lanthanum, zirconium, and cerium are preferable in view-
point of high selectivity. In these metal catalysts, metal atom
ratios of the respective components are preferably in the
range of 40/60 to 60/40 as the mass ratio of copper (Cu) to
zine (Zn) (copper (Cu)/zinc (Zn)); and preferably in the range
ot 99/1 to 30/70, or more preferably in the range of 99/1 to
80/20 as the mass ratio of copper (Cu) and zinc (Zn) to atom
“c1” (copper (Cu) and zinc (Zn)/atom “c1”). Meanwhile, the
metal catalysts having the compositions and the respective
ratios as mentioned above are useful not only for proceeding
the hydrogenolysis reaction of the present invention but also
similarly as various hydrogenation catalysts including for the
method to produce an alcohol or a diol compound from an
ester compound by using hydrogen.

The metal catalysts prepared by using the catalyst precur-
sors containing mainly carbonate salts which contain copper,
zinc and at least one atom “c2” selected from the group
consisting of calcium, lanthanum, and manganese are prefer-
able in viewpoint of high selectivity. In these metal catalysts,
metal atom ratios of the respective components are preferably
in the range of 40/60 to 60/40 as the mass ratio of copper (Cu)
to zinc (Zn) (copper (Cu)/zinc (Zn)); and preferably in the
range of 99/1 to 80/20 as the mass ratio of copper (Cu) and
zinc (Zn) to atom “c2” (copper (Cu) and zinc (Zn)/atom
“c2”). Meanwhile, the metal catalysts having the composi-
tions and the respective ratios as mentioned above are useful
not only for proceeding the hydrogenolysis reaction of the
present invention but also similarly as various hydrogenation
catalysts including for the method to produce an alcohol or a
diol compound from an ester compound by using hydrogen.

The metal catalysts prepared by using the catalyst precur-
sors containing mainly carbonate salts which contain copper,
zinc and at least one atom “c3” selected from the group
consisting of zirconium and cerium are preferable in view-
point of high selectivity. In these metal catalysts, metal atom
ratios of the respective components are preferably in the
range of 40/60 to 60/40 as the mass ratio of copper (Cu) to
zine (Zn) (copper (Cu)/zinc (Zn)); and preferably in the range
01'99/1 to 90/10 as the mass ratio of copper (Cu) and zinc (Zn)
to atom “c3” (copper (Cu) and zinc (Zn)/atom “c3”’). Mean-
while, the metal catalysts having the compositions and the
respective ratios as mentioned above are useful not only for
proceeding the hydrogenolysis reaction of the present inven-
tion but also similarly as various hydrogenation catalysts
including for the method to produce an alcohol or a diol
compound from an ester compound by using hydrogen.

The metal catalysts prepared by using the catalyst precur-
sors containing mainly carbonate salts which contain, in addi-
tion to copper, zinc, and barium, manganese or lanthanum are
preferable in viewpoint of high selectivity. In these metal
catalysts, as metal atom ratios of the respective components,
the mass ratio of copper (Cu) to zinc (Zn) (copper (Cu)/zinc
(Zn)) is preferably in the range of 40/60 to 60/40; the mass
ratio of copper (Cu) and zinc (Zn) to barium (Ba) (copper
(Cu) and zinc (Zn)/barium (Ba)) is preferably in the range of
99/1 to 70/30; the mass ratio of copper (Cu) and zinc (Zn) to
manganese (Mn) or lanthanum (La) ([copper (Cu) and zinc
(Zn))/[manganese (Mn) or lanthanum (La)]) is preferably in
the range of 99/1 to 80/20. Meanwhile, the metal catalysts
having the compositions and the respective ratios as men-
tioned above are useful not only for proceeding the hydro-
genolysis reaction of the present invention but also similarly
as various hydrogenation catalysts including for the method
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to produce an alcohol or a diol compound from an ester
compound by using hydrogen.

The metal catalysts obtainable by using the catalyst pre-
cursors containing mainly carbonate salts which contain cop-
per, zinc, barium, manganese, and lanthanum are preferable
in viewpoint of high selectivity. In these metal catalysts, as
metal atom ratios of the respective components, the mass ratio
of copper (Cu) to zinc (Zn) (copper (Cw)/zinc (Zn)) is pref-
erably in the range of 40/60 to 60/40; the mass ratio of copper
(Cu) and zinc (Zn) to barium (Ba) ([copper (Cu) and zinc
(Zn)]/barium (Ba)) is preferably in the range 0f 99/1 to 70/30,
or more preferably in the range of 99/1 to 80/20; the mass
ratio of copper (Cu), zinc (Zn), and barium (Ba) to manganese
and lanthanum ([copper (Cu), zinc (Zn), and barium (Ba)]/
[manganese (Mn) and lanthanum (La)]) is preferably in the
range of 99/1 to 70/30, or more preferably in the range 01 99/1
to 80/20. Meanwhile, the metal catalysts having the compo-
sitions and the respective ratios as mentioned above are useful
not only for proceeding the hydrogenolysis reaction of the
present invention but also similarly as various hydrogenation
catalysts including for the method to produce an alcohol or a
diol compound from an ester compound by using hydrogen.

The metal catalysts prepared by using the catalyst precur-
sors containing mainly carbonate salts which contain copper,
zinc, and barium are preferable in viewpoint of high selectiv-
ity. Inthese metal catalysts, as metal atom ratios of the respec-
tive components, the mass ratio of copper (Cu) to zinc (Zn)
(copper (Cuw)/zinc (Zn)) is preferably in the range of 40/60 to
60/40; the mass ratio of copper (Cu) and zinc (Zn) to barium
(Ba) (copper (Cu) and zinc (Zn)/barium (Ba)) is preferably in
the range of 99/1 to 70/30. Meanwhile, the metal catalysts
having the compositions and the respective ratios as men-
tioned above are useful not only for proceeding the hydro-
genolysis reaction of the present invention but also similarly
as various hydrogenation catalysts including for the method
to produce an alcohol or a diol compound from an ester
compound by using hydrogen.

On the other hand, the supported metal catalysts of the
present invention may be used as they are if they are commer-
cially available. They may be also prepared by the method, for
example, as following; water is removed from a mixture of an
aqueous solution or slurry containing at least copper com-
pound selected from the group consisting of copper, copper
oxide, copper iodide, copper bromide, copper chloride, cop-
per fluoride, copper sulfate, copper nitrate, copper salts of
organic sulfonic acids, such as copper methanesulfonate salt
and copper trifluoromethanesulfonate salt, and copper
organic carboxylate salt compounds, such as copper acetate
and copper propionate; an aqueous solution or slurry contain-
ing metal compound selected from the group consisting of
oxides, iodides, bromides, chlorides, fluorides, sulfate salts,
and nitrate salts, copper organic sulfonic acid salts, such as
methanesulfonate salt, trifluoromethanesulfonate salt, and
organic carboxylate salts, such as copper acetate and copper
propionate, of at least one atom “B” selected from the ele-
ments of the third to the sixth periods of the II to XIV groups
(excluding chromium) in the periodical table; and a carrier
impregnated, and then, the solid thereby obtained is calcined.
Meanwhile, use amounts of the copper compounds and the
metal compounds containing other metal atoms may be
adjusted appropriately in accordance with the intended blend-
ing ratios. As to water to be used for preparation of the
aqueous solution of the copper compounds, for example, pure
water, ultrapure water, ion-exchanged water, or the like may
be used, wherein use amount thereof is not particularly lim-
ited.
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Preparation method of the supported metal catalyst of the
present invention is different depending on the kind and the
like of the copper compound and/or the other metal com-
pounds to be used; for example, the said catalyst may be
obtained with the preparation time of 0.1 to 20 hours and by
evaporating water from the aqueous solution or the slurry
mentioned before. The burning temperature is preferably in
the range of -5 to 800° C., or more preferably in the range of
100 to 500° C.

Meanwhile, the metal catalyst or the supported metal cata-
lyst of the present invention is useful not only for the hydro-
genolysis reaction of the present invention but also similarly
as the hydrogenation catalyst including for a method to pro-
duce an alcohol or a diol compound from an ester compound
by using hydrogen.

Use Amount of the Metal Catalyst:

In the reaction of the present invention, each of the metal
catalysts of the present invention may be used solely or as a
mixture of two or more of them; or alternatively, the catalyst
containing copper atom and other metal atoms and the sup-
ported metal catalyst may be used together. In the case when
the reaction style (reaction system) is a liquid phase slurry
reaction, use amount (total) of the metal catalyst is preferably
in the range of 0.01 to 50% by mass, more preferably in the
range of 0.01 to 20% by mass, still more preferably in the
range of 0.05 to 10% by mass, or particularly preferably in the
range of 0.1 to 5% by mass, relative to the cyclic ether group-
containing methanol. In the case when the reaction style
(reaction system) is a fixed-bed flow reaction, use amount of
the metal catalyst and feed amount of the cyclic ether group-
containing methanol are controlled such that the space time
yield (STY) may become in the range of 1 to 5000 g/liter-
hour, preferably in the range of 10 to 1000 g/liter-hour, or
more preferably in the range of 50 to 500 g/liter-hour. Within
the above ranges, the alkanediol having the hydroxy groups at
the both molecular terminals thereof can be obtained with a
high reaction selectivity thereto and with a higher yield.

Hydrogen to be Used in the Present Invention

The method for producing the alkanediol shown by the
formula (2) of the present invention is carried out by using
hydrogen. Amount of hydrogen to be used is not particularly
limited provided that the amount thereof is equivalent or more
in terms of mole relative to the cyclic ether group-containing
methanol shown by the formula (1). Meanwhile, it is prefer-
able that the reaction of the present invention be carried out
under a hydrogen gas atmosphere (under the hydrogen pres-
sure), wherein the hydrogen pressure thereat is preferably in
the range of an atmospheric pressure to 50 MPa, more pref-
erably in the range of 1 to 40 MPa, still more preferably in the
range of 10 to 38 MPa, or particularly preferably in the range
of 15 to 35 MPa.

Reaction Solvent

In the production method of the present invention, a reac-
tion solvent may be used, for example, in order to adjust
dispersion of the metal catalyst or to increase solubility of the
cyclic ether group-containing methanol such as tetrahydro-
furfuryl alcohol and/or the product alkanediol having the
hydroxy groups at the both molecular terminals thereof such
as 1,5-pentanediol; however, in the present invention, it is
preferable that the reaction be carried out without using a
reaction solvent.
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Kind of the Reaction Solvent:

However, in the case that the reaction solvent is necessary,
example of the reaction solvent to be used includes water;
alcohols, such as methanol, ethanol, 1-propanol, 2-propanol,
n-butanol, t-butanol, and ethylene glycol; hydrocarbons, such
as heptane, hexane, cyclohexane, benzene, and toluene;
amides, such as N,N-dimethylformamide, N,N-dimethylac-
etamide, and N-methyl-2-pyrrolidone; and halogenated ali-
phatic hydrocarbons, such as methylene chloride and dichlo-
roethane. These reaction solvents may be used singly or as a
mixture of two or more of them.

Use Amount of the Reaction Solvent:

Use amount of the foregoing reaction solvent is preferably
in the range of 0.05 to 100 g, or more preferably in the range
of 0.1 to 20 g, relative to 1 g of the cyclic ether group-
containing methanol of the present invention.

Reaction Conditions

Reaction Style:

The reaction method (manufacturing equipment and
manufacturing apparatus) of the present invention may be any
of a continuous method and a batch method; and the reaction
style (reaction system) may be any of a liquid phase slurry
reaction and a gas phase reaction such as a fixed-bed flow
reaction.

Reaction Temperature and Reaction Pressure:

Reaction temperature in the reaction of the present inven-
tion is preferably in the range of 25 to 450° C., more prefer-
ably in the range of 150 to 400° C., or still more preferably in
the range of 200 to 350° C. Meanwhile, the reaction of the
present invention is carried out under the hydrogen pressure;
and thus, the reaction pressure is in the same range as those of
the before-mentioned hydrogen pressure.

Reaction Time:

Reaction time in the present invention is dependent on the
reaction temperature, the reaction pressure, concentration of
the substrate (concentration of the cyclic ether group-contain-
ing methanol shown by the formula (1)), use amount of the
metal catalyst, the reaction equipment, and the like; and thus,
the reaction time is not particularly limited. However, in the
reaction of the present invention, if the reaction time is pro-
longed, the conversion thereof can be increased, but on the
contrary, products of consecutive reactions as well as decom-
position products tend to increase commensurately; and thus,
the reaction time is preferably in the range of 0.5 to 14 hours.
Composition of the Reaction Solution:

Inthe reaction solution containing the alkanediol shown by
the formula (2) which is obtained by the production method of
the present invention, an alkanediol having a secondary
hydroxyl group, such as 1,2-pentanediol, and an alkyl alco-
hol, such as 1-pentanol, are contained therein as impurities.
Contents of the impurities is preferably suppressed such that
the reaction selectivity to the alkanediol having a secondary
alcohol, such as 1,2-pentanediol, may be 5% or less, prefer-
ably 3% or less, more preferably 1% or less, or particularly
preferably 0.5% or less, though depending on the capacity of
the work-up method after completion of the reaction as men-
tioned later. In addition, the reaction selectivity to the alkyl
alcohol such as 1-pentanol is preferably suppressed to 6% or
less, preferably to 4% or less, or particularly preferably to 3%
or less.

Work-Up Method after Completion of the Reaction:

The alkanediol shown by the formula (2) that is obtained by
the production method of the present invention may also be
purified by distillation, a column chromatography, or the like,
after the work-up operations such as, for example, filtration,
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phase separation and extraction, and concentration after
completion of the reaction. In view of the production effi-
ciency, it is preferable that the alkanediol obtained by the
production method of the present invention be purified by
distillation.

The production method of the present invention as men-
tioned above is established such that both the reaction con-
version rate of the raw material cyclic ether group-containing
methanol and the reaction selectivity to the alkanediol shown
by the formula (2), which is the objective product of the
present invention, may be high; and thus, the alkanediol
shown by the formula (2) such as 1,5-pentanediol may be
produced industrially suitably.

EXAMPLES

Next, the present invention will be explained specifically
by showing Examples; but the present invention is not limited
by these Examples.

Meanwhile, in the present Examples, all of qualitative and
quantitative analyses of the consumed amount of the raw
material tetrahydrofurfuryl alcohol (cyclic ether group-con-
taining methanol), the produced amount of the product 1,5-
pentanediol (alkanediol having the hydroxy groups at the
both molecular terminals thereof;, hereinafter this is some-
times referred to as “alkanediol of the present invention™),
and so forth were made with a gas chromatography (GC) by
using GC-2010 (manufactured by Shimadzu Corp., GC col-
umn: InertCap WAX 30 mx0.53 mm, GC detector: FID,
internal standards: any of dimethyl glutarate, 1-octanol, and
triethylene glycol was used). Meanwhile, the reaction con-
version rate of the raw material tetrahydrofurfuryl alcohol
(cyclic ether group-containing methanol), the reaction selec-
tivity to the objective product 1,5-pentanediol (alkanediol of
the present invention), and the reaction yield thereof each was
calculated by using the following equations (A) to (C). The
selectivities to the respective impurities were calculated by
substituting the alkanediol of the present invention to the
respective impurities in the equation (B).

Reaction conversion of cyclic ether group-containing methanol (%) =

([ consumption of cyclic ether group-containing (mole)
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Preparation Method of Copper-Atom “B” Catalysts

Reference Example 1
Copper-Zinc Catalyst

An aqueous metal salt solution was prepared by dissolving
48.6 g of cupric (II) nitrate trihydrate (12.8 g as copper) and
58.2 g of zinc (II) nitrate hexahydrate (12.8 g as zinc) into
130.3 g of deionized water. Separately, 63.3 g of sodium
carbonate (anhydrous) was dissolved into 261.8 g of deion-
ized water to prepare a basic aqueous solution. Further sepa-
rately, 160.5 g of deionized water whose temperature was
adjusted at 75 to 85° C. was put in a vessel equipped with a
stirring blade, a thermometer, and a pH electrode; and then,
into this solution were dropped the aqueous metal salt solu-
tion and the basic aqueous solution at the same time while
keeping the formed mixture solution at pH of 7.0 to 7.5 and
the temperature of 75 to 85° C. During dropping, material
having a pale green color was precipitated. After completion
of the reaction, the precipitated material was collected by
filtration, and then washed with 700 mL of deionized water to
obtain a wet solid. The solid thereby obtained was dried at
120° C. to obtain 41.0 g of green powders (catalyst precur-
sor). Thereafter, 10.0 g of the powders thus obtained were
calcined in an air at 350° C. for 2 hours to obtain 7.7 g of the
copper-zinc as black powders.

Preparation of Alkanediol by Using Copper-Atom
“B” Catalysts

Example 1

Synthesis of 1,5-Pentanediol; Copper-Zinc Type
Metal Catalyst

Into a 100-mL autoclave were taken 20 g tetrahydrofurfu-

ryl alcohol (0.196 mole) and 2.0 g of the copper-zinc type
metal catalyst (prepared by the method described in Refer-

Equation (A)

“l
] ) x100%

[ use amount of cyclic group-containing methanol (mole)]

*I By quantitative analyses (GC), the above-mentioned

consumption or use amount was calculated in terms of mole.

Reaction selectivity to alkanediol of the present invention (%) =

Equation (B)

([ produced amount of alkanediolof the present invention (mole)]*)

%100 (%)

[ consumption of cyclic ether group-containing methanol(mole)]

*1By quantitative analyses (GC), the above- mentioned

consumption or use amount was calculated in terms of mole.

Reaction yield of alkanediol of the present invention (%) =
reaction conversion of cyclic ether

group-containing methanol (%)

Equation (C)

reaction selectivity to alkanediol of the

present invention (%)

100(%)



US 9,051,234 B2

17

ence Example 1; metal component ratio of Cu/Zn=50/50;
10% by mass relative to the use amount of tetrahydrofurfuryl
alcohol); and then, after atmosphere inside the autoclave was
displaced by gases, for 5 times by a nitrogen gas and then for

5 times by a hydrogen gas, the autoclave was filled with a 5
hydrogen gas till the inner pressure thereof reached 15 MPa.
Then, after the reaction temperature was made to 250° C., a
hydrogen gas was charged till the inner pressure of the auto-
clave reached 25 MPa, and then the reaction was carried out
for 7 hours. After completion of the reaction, the reaction 10
solution was allowed to be cooled to room temperature; and
then, after the autoclave was opened, the obtained reaction
solution was quantitatively analyzed by a gas chromatogra-
phy to find that the objective product 1,5-pnetanediol was
obtained with the reaction selectivity of 97.6% thereto, with
37.4% of the reaction conversion of tetrahydrofurfuryl alco-
hol (reaction yield 0of 36.5%).

It was found that the reaction yield of the by-produced
1-pentanol was 0.9% (reaction selectivity of 2.5%), and the 29
reaction yield of 1,2-pentanediol was 0.05% (reaction selec-
tivity of 0.1%). These results are shown in Table 1.

15

Example 2
25
Synthesis of 1,5-Pentanediol; Copper-Zinc Type
Metal Catalyst

Into a 100-mL autoclave were taken 20 g tetrahydrofurfu-
ryl alcohol (0.196 mole) and 2.0 g of the copper-zinc type 3¢
metal catalyst (prepared by the method described in Refer-
ence Example 1; metal component ratio of Cu/Zn=50/50; use
amount of 10% by mass relative to tetrahydrofurfuryl alco-
hol); and then, after atmosphere inside the autoclave was
displaced by gases, for 5 times by a nitrogen gas and then for
5 times by a hydrogen gas, the autoclave was filled with a
hydrogen gas till the inner pressure thereof reached 15 MPa.
Then, after the reaction temperature was made to 270° C., a
hydrogen gas was charged till the inner pressure of the auto-
clave reached 25 MPa, and then the reaction was carried out 4°
for 5 hours. After completion of the reaction, the reaction
solution was allowed to be cooled to room temperature; and
then, after the autoclave was opened, the obtained reaction
solution was quantitatively analyzed by a gas chromatogra-
phy to find that the objective product 1,5-pnetanediol was
obtained with the reaction selectivity of 95.1% thereto, with
55.2% of the reaction conversion of tetrahydrofurturyl alco-
hol (reaction yield of 52.5%).

It was found that the reaction yield of the by-produced
1-pentanol was 2.3% (reaction selectivity of 4.2%), the reac- >°
tion yield of 6-valerolactone was 0.2%, and the reaction yield
of'1,2-pentanediol was 0.03% (reaction selectivity of 0.1%).
These results are shown in Table 1.
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Example 3

Synthesis of 1,5-Pentanediol; Copper-Zinc Type
Metal Catalyst

Into a 100-mL autoclave were taken 20 g tetrahydrofurfu-
ryl alcohol (0.196 mole) and 2.0 g of the copper-zinc type
metal catalyst (prepared by the method described in Refer-
ence Example 1; metal component ratio of Cu/Zn=50/50; use
amount of 10% by mass relative to tetrahydrofurfuryl alco-
hol); and then, after atmosphere inside the autoclave was
displaced by gases, for 5 times by a nitrogen gas and then for
5 times by a hydrogen gas, the autoclave was filled with a
hydrogen gas till the inner pressure thereof reached 13 MPa.
Then, after the reaction temperature was made to 240 to 250°
C., a hydrogen gas was charged till the inner pressure of the
autoclave reached 20 MPa, and then the reaction was carried
out for 7 hours. After completion of the reaction, the reaction
solution was allowed to be cooled to room temperature; and
then, after the autoclave was opened, the obtained reaction
solution was quantitatively analyzed by a gas chromatogra-
phy to find that the objective product 1,5-pnetanediol was
obtained with the reaction selectivity of 96.5% thereto, with
31.9% of the reaction conversion of tetrahydrofurfuryl alco-
hol (reaction yield of 30.8%).

It was found that the reaction yield of the by-produced
1-pentanol was 0.9% (reaction selectivity of 2.8%), the reac-
tion yield of 8-valerolactone was 0.2%, and the reaction yield
of 1,2-pentanediol was 0.04% (reaction selectivity of 0.1%).
These results are shown in Table 1.

Comparative Example 1

Synthesis of 1,5-Pentanediol;
Copper-Chromium-Manganese Type Metal Catalyst

The procedure of Example 1 was repeated to carry out the
reaction, except that 2.0 g of the copper-chromium-manga-
nese type metal catalyst N202D (product name, manufac-
tured by JGC Catalysts and Chemicals, Ltd.) was used with
the amount thereof being 10% by mass relative to tetrahydro-
furfuryl alcohol, in place of the copper-zinc type metal cata-
lyst used in Example 1. After completion of the reaction, the
obtained reaction solution was quantitatively analyzed by a
gas chromatography to find that the objective product 1,5-
pnetanediol was obtained with the reaction selectivity of
81.8% thereto, with 12.1% of the reaction conversion of
tetrahydrofurfuryl alcohol (reaction yield of 9.9%).

It was found that the reaction yield of the by-produced
1-pentanol was 0.3% (reaction selectivity of 2.2%), the reac-
tion yield of 1,2-pentanediol was 0.05% (reaction selectivity
01 0.5%), and d-valerolactone was below the detection limit
of the gas chromatography. These results are shown in
Table 1.

TABLE 1
Table 1-1
Catalyst Hydrogen  Reaction Reaction

Example/ addition amount gas Temperature time
Comparative Example ~ Metal catalyst (% by mass) (MPa) °C) (h)
Example 1 Cu—Zn 10 25 250 7
Example 2 Cu—Zn 10 25 270 5
Example 3 Cu—Zn 10 20 250 7
Comparative Example 1 Cu—Cr—Mn 10 25 250 5
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TABLE 1-continued
Table 1-2

THFA *1 1,5-PDL *2 1-PeOH *3 1,2-PDL *4  d-VL *5
Example/ Conversion rate  Yield Selectivity Selectivity — Selectivity — Selectivity
Comparative Example (% by mass) (%) (%) (%) (%) (%)
Example 1 37.4 36.5 97.6 2.4 0.1 N.D.*6
Example 2 55.2 52.5 95.1 4.2 0.1 0.4
Example 3 31.9 30.8 96.5 2.8 0.1 0.5
Comparative Example 1 12.1 9.9 81.8 2.2 0.5 N.D.*6
*1 Tetrahydrofurfuryl alcohol
*2 1,5-pentanediol
*3 1-pentanol
*4 1,2-pentanediol
*5 §-valerolactone
*6N.D.: below detection limit

Example 4 Example 5 to Example 7
20

Synthesis of 1,5-Pentanediol

Into a 200-ml. autoclave were taken 100 g tetrahydrofur-
furyl alcohol (0.979 mole) and 2.0 g of the copper-zinc type
metal catalyst (prepared by the method described in Refer-
ence Example 1; metal composition ratio of Cu/Zn=50/50;
use amount of 2% by mass relative to tetrahydrofurfuryl
alcohol); and then, after atmosphere inside the autoclave was
displaced by gases, for 5 times by a nitrogen gas and for 5
times by a hydrogen gas, the autoclave was filled with a
hydrogen gas till the inner pressure thereof reached 15 MPa.
Then, after the reaction temperature was made to 270° C., a
hydrogen gas was charged till the inner pressure of the auto-
clave reached 25 MPa, and then the reaction was carried out
for 5 hours. After completion of the reaction, the reaction
solution was allowed to be cooled to room temperature; and
then, after the autoclave was opened, the obtained reaction
solution was quantitatively analyzed by a gas chromatogra-
phy to find that the objective product 1,5-pnetanediol was
obtained with the reaction selectivity of 94.1% thereto, with
19.5% of the reaction conversion of tetrahydrofurfuryl alco-
hol (reaction yield of 18.4%).

It was found that the reaction yield of the by-produced
1-pentanol was 0.7% (reaction selectivity of 3.4%), and the
reaction yield of 1,2-pentanediol was 0.06% (reaction selec-
tivity of 0.3%). These results are shown in Table 2.
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Synthesis of 1,5-Pentanediol

The procedure of Example 4 was repeated, except that the
reaction conditions were changed to those shown in Table 2,
to carry out the reaction of tetrahydrofurfuryl alcohol with
hydrogen by using the metal catalyst (copper-atom “B” cata-
lyst). These results are shown in Table 2. Meanwhile, the
catalyst addition amount in Table 2 is shown in terms of the
catalyst content relative to the raw material tetrahydrofurfuryl
alcohol (% by mass).

Comparative Example 2

Synthesis of 1,5-Pentanediol

The procedure of Example 5 was repeated, except that the
reaction conditions were changed to those shown in Table 2,
and that the chromium-containing metal catalyst Cu-0202P
(product name, manufactured by N. E. Chemcat Corp.), to
carry out the reaction of tetrahydrofurfuryl alcohol with
hydrogen. These results are shown in Table 2. Meanwhile, the
catalyst addition amount in Table 2 is shown in terms of the
catalyst content relative to the raw material tetrahydrofurfuryl
alcohol (% by mass).

TABLE 2
Table 2-1
Catalyst addition Hydrogen  Reaction Reaction

Example/ Metal catalyst amount gas Temperature time
Comparative Example Composition  Item number (% by mass) (MPa) °C) (h)
Example 4 Cu—Zn *1 2 25 270 5
Example 5 Cu—Zn *1 2 25 285 5
Example 6 Cu—Zn *1 2 25 300 5
Example 7 Cu—Zn *1 10 25 285 5
Comparative Example 2 Cu—Cr Cu-0202P *2 2 25 285 5

Table 2-2

THEA*3 1,5-PDL*4 1-PeOH*5 1,2-PDL*6

Example/ Conversion rate Yield Selectivity Selectivity Selectivity
Comparative Example (%) (%) (%) (%) (%)
Example 4 19.5 18.4 94.1 3.4 0.3
Example 5 30.1 26.8 88.9 4.3 0.1
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TABLE 2-continued
Example 6 49.3 41.9 85.0
Example 7 56.0 50.3 89.7
Comparative Example 2 28.2 25.0 88.7

22
5.6 0.0
53 0.1
3.1 1.0

*1 Prepared by the method described in Reference Example 1
*2 Manufactured by N.E. Chemcat Corp.
*3Tetrahydrofurfuryl alcohol

*41,5-Pentanediol

*51-Pentanol

*61,2-Pentanediol

Preparation of Copper-Atom “B”-Atom “C” Catalyst
Example 8

Preparation Method of Metal Catalyst:
Copper-Zinc-Magnesium Catalyst

An aqueous metal salt solution was prepared by dissolving
46.3 g of cupric (1) nitrate trihydrate (12.1 g as copper atom),
57.2 g of zinc (II) nitrate hexahydrate (12.6 g as zinc atom),
and 5.6 g of magnesium (II) nitrate hexahydrate (0.53 g as
magnesium) into 129.4 g of deionized water (at this time, if
some of them remains undissolved, they may be dissolved by
heating). Separately, 63.5 g of sodium carbonate (anhydrous)
was dissolved into 265.6 g of deionized water to prepare a
basic aqueous solution. Further separately, 159.3 g of deion-
ized water whose temperature was adjusted at 75 to 85° C.
was arranged in a vessel equipped with a stirring blade, a
thermometer, and a pH electrode; and then, into this solution
were dropped the aqueous metal salt solution and the basic
aqueous solution at the same time while keeping the formed
mixture solution at pH of 7.0 to 7.5 and the temperature of 75
to 85° C. During dropping, material having a pale green color
was precipitated. After completion of the reaction, the pre-
cipitated material was collected by filtration, and then washed
with 700 mL of deionized water to obtain a wet solid. The
solid thereby obtained was dried at 120° C. to obtain 42.6 g of
green powders (catalyst precursor). Thereafter, 20.56 g of the
powders thus obtained were calcined in an air at 350° C. for 2
hours to obtain 16.0 g of the Cu—Zn—Mg catalyst as black
powders.

Example 9

Preparation Method of Metal Catalyst:
Copper-Zinc-Barium Catalyst

An aqueous metal salt solution was prepared by dissolving
28.9 g of cupric (II) nitrate trihydrate (7.6 g as copper atom),
34.7 g of zinc (II) nitrate hexahydrate (7.6 g as zinc atom), and
7.6 g of barium (II) nitrate (4.0 g as barium) into 259.0 g of
deionized water (at this time, if some of them remains undis-
solved, they may be dissolved by heating). Separately, 42.74
g of sodium carbonate (anhydrous) was dissolved into 178.4
g of deionized water to prepare a basic aqueous solution.
Further separately, 105.7 g of deionized water whose tem-
perature was adjusted at 75 to 85° C. was arranged in a vessel
equipped with a stirring blade, a thermometer, and a pH
electrode; and then, into this solution were dropped the aque-
ous metal salt solution and the basic aqueous solution at the
same time while keeping the formed mixture solution at pH of
7.0 to 7.5 and the temperature of 75 to 85° C. During drop-
ping, material having a pale green color was precipitated.
After completion of the reaction, the precipitated material
was collected by filtration, and then washed with 700 mL of
deionized water to obtain a wet solid. The solid thereby
obtained was dried at 120° C. to obtain 30.7 g of pale green
powders (catalyst precursor). Thereafter, 15.1 g of the pow-
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ders thus obtained were calcined in an air at 350° C. for 2
hours to obtain 12.3 g of the Cu—Z7n—Ba catalyst as black
powders.

Example 10

Preparation Method of Metal Catalyst:
Copper-Zinc-Lanthanum Catalyst

An aqueous metal salt solution was prepared by dissolving
36.9 g of cupric (II) nitrate trihydrate (9.7 g as copper atom),
44.1 g of zinc (II) nitrate hexahydrate (9.7 g as zinc atom), and
6.8 g of lanthanum (I1I) nitrate hexahydrate (2.2 g as lantha-
num) into 103.6 g of deionized water (at this time, if some of
them remains undissolved, they may be dissolved by heat-
ing). Separately, 50.18 g of sodium carbonate (anhydrous)
was dissolved into 249.1 g of deionized water to prepare a
basic aqueous solution. Further separately, 130.1 g of deion-
ized water whose temperature was adjusted at 75 to 85° C.
was arranged in a vessel equipped with a stirring blade, a
thermometer, and a pH electrode; and then, into this solution
were dropped the aqueous metal salt solution and the basic
aqueous solution at the same time while keeping the formed
mixture solution at pH of 7.0 to 7.5 and the temperature of 75
to 85° C. During dropping, material having a pale green color
was precipitated. After completion of the reaction, the pre-
cipitated material was collected by filtration, and then washed
with 700 mL of deionized water to obtain a wet solid. The
solid thereby obtained was dried at 120° C. to obtain 36.8 gof
pale green powders (catalyst precursor). Thereafter, 20.3 g of
the powders thus obtained were calcined in an air at 350° C.
for 2 hours to obtain 15.8 g of the Cu—Z7n—La catalyst as
black powders.

Example 11

Preparation Method of Metal Catalyst:
Copper-Zinc-Manganese-Barium Catalyst

An aqueous metal salt solution was prepared by dissolving
40.3 g of cupric (1) nitrate trihydrate (10.6 g as copper atom),
48.2 g of zinc (II) nitrate hexahydrate (10.6 g as zinc atom),
13.8 g of manganese (1) nitrate hexahydrate (2.6 g as man-
ganese), and 5.1 g barium (II) nitrate (2.7 g as barium) into
138.1 g of deionized water (at this time, if some of them
remains undissolved, they may be dissolved by heating).
Separately, 63.6 g of sodium carbonate (anhydrous) was dis-
solved into 259.6 g of deionized water to prepare a basic
aqueous solution. Further separately, 160.2 g of deionized
water whose temperature was adjusted at 75 to 85° C. was
arranged in a vessel equipped with a stirring blade, a ther-
mometer, and a pH electrode; and then, into this solution were
dropped the aqueous metal salt solution and the basic aqueous
solution at the same time while keeping the formed mixture
solution at pH of 7.0 to 7.5 and the temperature of 75 to 85° C.
During dropping, material having a pale green color was
precipitated. After completion of the reaction, the precipi-
tated material was collected by filtration, and then washed
with 700 mL of deionized water to obtain a wet solid. The
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solid thereby obtained was dried at 120° C. to obtain 43.04 g
of pale green powders (catalyst precursor). Thereafter, 20.0 g
of'the powders thus obtained were calcined in an airat 350° C.
for 2 hours to obtain 16.8 g of the Cu—Z7n—Mn—Ba catalyst
as black powders.

Preparation of Alkanediol by Using Copper-Atom
“B”-Atom “C” Catalysts

Example 12 to Example 31 and Comparative
Example 3

Synthesis of 1,5-Pentanediol

The procedure of Example 5 was repeated, except that the
reaction conditions were changed to those shown in Table 3,

10

24
to carry out the reaction of tetrahydrofurfuryl alcohol with
hydrogen by using metal catalysts (copper-atom “B”-atom
“C” catalysts).

Meanwhile, the metal catalysts without item numbers
(product codes) in Table 3 were prepared by the preparation
procedure described in Example 8 by using the respective
nitrate salts of corresponding metal atoms (atom “B” and
atom “C”). The mass ratios (content ratio of the metal atoms
in the metal catalysts) in the prepared metal catalysts were
shown as the catalyst ratio in Table 3. The metal catalyst
content relative to the raw material tetrahydrofurfuryl alcohol
(% by mass) is shown as the catalyst addition amount in
Table 3.

TABLE 3
Table 3-1
Catalyst
Metal catalyst addition Hydrogen  Reaction  Reaction
Example/ Catalyst ratio amount gas Temperature  time
Comparative Example Composition Item number (% by mass) (% by mass) (MPa) °C) (h)
Example 12 Cu—Zn—Mg *1 48.5/48.5/3 2 25 285 5
Example 13 Cu—Zn—Ca *1 49/49/2 2 25 285 5
Example 14 Cu—Zn—Ca *1 45/45/10 2 25 285 5
Example 15 Cu—Zn—Ba *1 48.5/48.5/3 2 25 285 5
Example 16 Cu—Zn—Ba *2 40/40/20 2 25 285 5
Example 17 Cu—Zn—Ba *2 50/30/20 2 25 285 5
Example 18 Cu—Zn—Ba *2 25/25/50 2 25 285 5
Example 19 Cu—Zn—Mn *1 48.5/48.5/3 2 25 285 5
Example 20 Cu—Zn—Mn *1 45/45/10 2 25 285 5
Example 21 Cu—Zn—Mn—Ba *3 47/47/3/3 2 25 285 5
Example 22 Cu—Zn—Mn—Ba *3 40/40/10/10 2 25 285 5
Example 23 Cu—Zn—Al *1 48.5/48.5/3 2 25 285 5
Example 24 Cu—Zn—Zr *1 48.5/48.5/3 2 25 285 5
Example 25 Cu—Zn—La *1 48.5/48.5/3 2 25 285 5
Example 26 Cu—Zn—La *4 45/45/10 2 25 285 5
Example 27 Cu—Zn—Ba—Tla *3 47/47/3/3 2 25 285 5
Example 28 Cu—Zn—Ba—Tla *3 38.5/38.5/20/3 2 25 285 5
Example 29 Cu—Zn—Ce *1 48.5/48.5/3 2 25 285 5
Example 30 Cu—Al—Mn T-8706 *5 — 2 25 285 5
Example 31 Cu—Si—Ca Cu-0860E *6 — 2 25 285 5
Comparative Example 3 Cu—Cr—Mn N203S *7 — 2 25 285 5
Table 3-2
THFA*8 1,5-PDL*9 1-PeOH*10 1,2-PDL*11
Example/ Conversion rate Yield Selectivity Selectivity Selectivity
Comparative Example (%) (%) (%) (%) (%)
Example 12 32.6 29.5 90.5 3.1 0.1
Example 13 342 32.2 94.1 2.2 0.1
Example 14 36.6 33.0 90.2 2.0 0.1
Example 15 345 32.0 92.8 2.2 0.1
Example 16 41.3 38.5 93.1 2.1 0.0
Example 17 342 31.2 91.2 2.4 0.1
Example 18 28.9 27.1 93.9 1.0 0.0
Example 19 344 31.3 91.0 2.0 0.1
Example 20 364 32.2 88.6 2.2 0.1
Example 21 349 33.1 94.9 2.0 0.1
Example 22 31.9 28.5 89.3 1.9 0.1
Example 23 31.7 28.3 89.4 4.0 0.1
Example 24 34.6 29.8 86.3 3.8 0.1
Example 25 52.7 47.0 89.1 1.1 0.0
Example 26 534 47.1 88.1 1.3 0.0
Example 27 64.8 56.5 87.1 1.1 0.0
Example 28 62.6 57.0 91.1 1.1 0.0
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TABLE 3-continued
Example 29 38.4 32.6 84.9 1.6 0.1
Example 30 38.9 36.1 92.8 2.2 0.4
Example 31 40.2 38.2 95.0 1.5 0.1
Comparative Example 3 41.6 353 84.8 4.1 1.2

*1 Prepared according to Example 8

*2 Prepared according to Example 9

*3 Prepared according to Example 11

*4 Prepared according to Example 10

*5 Manufactured by Sud-Chemie AG

*6 Manufactured by N.E. Chemcat Corp.
*7 Manufactured by JGC Catalysts and Chemicals, Ltd.
*8Tetrahydrofurfuryl alcohol
*91,5-Pentanediol

*101-Pentanol

*111,2-Pentanediol

From the above, the present invention enabled to provide a
method for producing 1,5-pentanediol with a high reaction
selectivity thereto while suppressing production of various
by-products including an alkanediol having a secondary
hydroxy group such as 1,2-pentanediol and an alkyl alcohol
such as 1-pentanol, production of these by-products being
observed in conventional methods. In addition, from the
above Examples, compounds containing copper, zinc, and
barium with the composition ratio thereof being Cu:Zn:
Ba=4010 60:4010 60:1 to 20 (for example, Example 16 and so
forth), compounds containing copper-zinc and at least one
atom “C” selected from the group consisting of calcium,
lanthanum, and manganese with the composition ratio
thereof being Cu:Zn:atom “C”=45to 55:45t0 55:1 to 10 (for
example, Example 25 and so forth), compounds containing
copper-zinc and at least one atom “C” selected from the group
consisting of magnesium, zirconium, and cerium with the
composition ratio thereofbeing Cu:Zn:atom “C”=4510 55:45
to 55:1 to 5 (for example, Example 12 and so forth), and
compounds containing copper-zinc-barium and at least one
atom “C” selected from the group consisting of manganese
and lanthanum with the composition ratio thereof being
Cu:Zn:Ba:atom “C”=35 to 50:35 to 50:1 to 20:1 to 10 (Ex-
ample 21 and so forth) are useful not only for the reaction of
the present invention to produce an alcohol or a diol com-
pounds by using hydrogen, but also similarly as the catalyst
for hydrogenation reactions including a method for produc-
ing an alcohol or a diol compound from an ester compound by
using hydrogen.

INDUSTRIAL APPLICABILITY

The present invention relates to a method for producing an
objective alkanediol having the hydroxy groups at the both
molecular terminals thereof such as 1,5-pentanediol with a
high reaction selectivity thereto by using a copper-containing
metal catalyst which is industrially inexpensive with a con-
venient procedure.

Among alkanediols having the hydroxy groups at the both
molecular terminals thereof produced by the method of the
present invention, especially 1,5-pentanediol is useful as a
raw material (monomer) for polymers such as, for example, a
polyester, a polycarbonate, and a polyurethane, and as a raw
material for a pharmaceutical drug and an agricultural chemi-
cal, an additive for a resin, a cleaning solvent, and the like.

The invention claimed is:

1. A method for producing an alkanediol having hydroxy
groups at both molecular terminals according to formula (2),
the method comprising:
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contacting a cyclic ether group-comprising methanol hav-
ing formula (1) with hydrogen in the presence of a metal
catalyst;

wherein the metal catalyst comprises a copper atom and at
least one co-existing atom selected from the group con-
sisting of elements of the third to the sixth periods of'the
1Tto X1V groups (excluding chromium) in the periodical
table and lanthanide elements;

wherein formula (1) is:

@®
Rl
R2
(CHa)n

(CHp)p
No

CH,OH

wherein R! and R? are each independently a hydrogen
atom, a fluorine atom, a methyl group, or an ethyl group;
“n” and “m” each independently are the number of
methylene groups; “n” represents an integer of 0, 1, or 2;
“m” represents an integer of 1 or 2; and “n+m” is 2 to 4;
wherein formula (2) is:

@
Rl

HoO— (CHZ),,,—? — (CH,),—CH,—CH,0H

Rr2

wherein R! and R” are each independently a hydrogen
atom, a fluorine atom, a methyl group, or an ethyl group;
“n” and “m” each independently are the number of
methylene groups; “n” represents an integer of 0, 1, or 2;
and “m” represents an integer of 1 or 2.

2. The method of claim 1, wherein the co-existing atom
comprises at least one atom “B” selected from the group
consisting of zinc, iron, aluminum, and silicon.

3. The method of claim 2, wherein the atom “B” is a zinc
atom.

4. The method of claim 2, wherein a mass ratio of the
copper atom to the atom “B” is in the range of 10/90 to 99/1.

5. The method of claim 2, wherein the co-existing atom
further comprises at least one atom “C” selected from the
group consisting of barium, calcium, manganese, lanthanum,
cerium, and magnesium.

6. The method of claim 5, wherein a mass ratio of the sum
of'the copper atom and the atom “B” to the atom “C” is in the
range of 10/90 to 99/1.
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7. The method of claim 1, wherein the metal catalyst is
present in an amount relative to the cyclic ether group-com-
prising methanol in the range of 0.03 to 10% by mass.

8. The method of claim 1, wherein the cyclic ether group-
comprising methanol is tetrahydrofurfuryl alcohol and the
alkanediol is 1,5-pentanediol.

9. The method of claim 8, wherein the tetrahydrofurfuryl
alcohol is tetrahydrofurfuryl alcohol synthesized using fur-
fural as a raw material.

#* #* #* #* #*

10

28



